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1.  Introduction 


Computerized  test  processes  have  become  an  essential  part  in  the  testing/evaluation  cycle  of  a 
system  because  they  quickly  identify  problematic  areas.  Once  these  areas  have  been  identified, 
further  testing  in  the  anechoic  chamber  can  be  used  to  isolate  and  solve  the  problem.  The 
development  of  the  antenna  radiation  pattern  models  presented  in  this  note  is  part  of  a  continuous 
effort  to  develop  a  “digital”  anechoic  chamber  in  which  models  can  be  used  to  produce 
preliminary  investigations.  This  effort  was  performed  at  the  Electromagnetic  Vulnerability 
Assessment  Facility  (EMVAF)  of  the  U.S.  Army  Research  Laboratory  (ARL) 
Survivability/Lethality  Analysis  Directorate  (SLAD)  at  White  Sands  Missile  Range  (WSMR), 
NM. 


2.  Antenna  Models 


The  antenna  models  for  the  PENN  Engineering  WR-284,  WR-187,  and  WR-137  hom  antennas 
were  developed  using  the  High  Frequency  Structure  Simulator  (HFSS)  software  developed  by 
Ansoft.  The  various  antenna  surfaces  were  approximated  by  thin  sheets  using  the  “Draw  Line” 
function  and  then  they  were  joined  together  using  the  “Boolean  Unite”  function  to  form  a  single 
object.  Finally,  the  boundary  conditions  for  the  electric  field  at  the  antenna  surfaces  were 
defined.  Furthennore,  the  excitation  of  the  horn  antenna  was  defined  by  drawing  an  additional 
sheet  at  the  feed  of  the  antenna  and  identifying  it  as  the  “Excitation  Wave  Port”.  The  far  fields 
can  now  be  computed  by  defining  a  volume  in  which  the  wave  propagation  is  to  occur.  The 
dimensions  of  the  radiation  box  must  be  large  enough  to  meet  far  field  criteria.  The  computed 
radiation  fields  can  be  displayed  in  a  table  form  or  graphical  form. 

When  the  model  was  used  to  calculate  the  radiation  pattern,  the  calculations  were  performed  at 
points  defined  by  a  mesh.  The  size  of  the  mesh  was  determined  by  the  frequency  used  in  the 
computations.  The  higher  the  frequency,  the  finer  the  mesh  used  in  the  computations.  When  the 
radiation  pattern  of  an  antenna  was  computed  at  multiple  frequencies  simultaneously,  the  model 
used  the  mesh  defined  by  the  highest  frequency  of  interest,  thus  making  the  mesh  very  fine, 
which  led  to  more  precise  but  unnecessary  calculations  at  the  lower  frequencies.  Figure  1  shows 
the  diagram  of  the  HFSS  model  for  the  WR-284  horn  antenna  while  figure  2  depicts  the  modeled 
radiation  pattern  of  the  WR-284  horn  antenna  at  3.3  gigahertz  (GHz). 
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Figure  1.  HFSS  antenna  model  for  the  WR-284  horn  antenna. 


Figure  2.  Modeled  radiation  pattern  of  WR-284  horn  antenna  at  3.3  GHz. 
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3.  Validation 


The  developed  models  were  validated  by  comparing  the  modeled  data  to  measured  data.  The 
measured  data  was  obtained  by  measuring  the  radiation  pattern  at  approximately  the  center  of  the 
operational  frequency  of  each  antenna.  The  measurements  were  performed  at  7.0  GHz,  4.9  GHz 
and  3.3  GHz  for  the  WR-137,  WR-284,  and  WR-187  horn  antennas,  respectively.  Principal 
radiation  plane  (E-plane  and  H-plane)  patterns  were  measured  at  2°  increments  and  then 
compared  to  the  modeled  data.  Figure  3  depicts  the  setup  used  in  the  measurement  of  the 
antenna  patterns  while  figure  4  shows  a  graphical  comparison  of  the  modeled  and  measured 
antenna  E-plane  patterns  for  the  WR-284  hom  antenna  at  3.3  GHz.  Additional  patterns  are 
shown  in  the  appendix. 


Figure  3.  Measurement  setup  for  antenna  patterns. 
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- Measured - Modeled 


Figure  4.  E-plane  pattern  for  WR-284  horn  antenna  at  3.3  GHz. 

The  graphical  comparisons  of  the  modeled  and  measured  antenna  patterns  show  that  patterns  of 
the  modeled  antennas  are  wider  (larger  beamwidth)  with  deeper  nulls.  In  addition  to  graphical 
comparisons,  other  antenna  parameters,  such  as  half-power  beamwidth  (HPBW),  first  null 
beamwidth  (FNBW)  and  sidelobe  level  (SLL)  were  compared.  Table  1  shows  the  HPBW  in  the 
E-plane  and  H-plane  of  the  modeled  and  measured  antennas.  As  it  is  seen  from  the  table,  the 
HPBW  of  the  modeled  antenna  pattern  is  2°  wider  than  the  measured  HPBW. 

Table  1.  Beamwidths  of  the  modeled  and  measured  antennas  patterns. 


Antenna  Model 

E-Plane  HPBW 

H-Plane  HPBW 

WR-137 

— 

— 

Modeled 

32° 

32° 

Measured 

31° 

29.5° 

WR-187 

— 

— 

Modeled 

32° 

32° 

Measured 

o 

o 

O 

o 

WR-284 

— 

— 

Modeled 

32° 

32° 

Measured 

O 

o 

O 

o 
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The  SLL  of  the  measured  and  modeled  patterns  is  shown  in  table  2.  The  SLL  of  the  E-plane 
modeled  patterns  is  lower  compared  to  the  SLL  of  the  measured  patterns.  The  difference  varies 
between  0.4  decibals  (dB)  at  the  higher  frequency  to  2.3  dB  at  the  lower  frequency.  The  H-plane 
modeled  patterns  exhibited  higher  SLL  compared  to  the  measured  ones.  The  difference  in  the 
SLL  varied  between  0.2  dB  in  the  lower  frequency  to  1.1  dB  at  the  higher  frequency. 

Table  2.  SLL  levels  of  the  modeled  and  measured  antenna  patterns. 


Antenna  Model 

E-Plane  SLL 

H-Plane  SLL 

WR-137 

— 

— 

Modeled 

-25.7  dB 

-12.9  dB 

Measured 

-25.3  dB 

-14.0  dB 

WR-187 

— 

— 

Modeled 

-26.5  dB 

-12.7  dB 

Measured 

-24.5  dB 

-13.3  dB 

WR-284 

— 

— 

Modeled 

-26.5  dB 

-15.5  dB 

Measured 

-24.2  dB 

-15.3  dB 

The  LNBW  of  an  antenna  is  a  measure  of  the  resolution  capability  of  an  antenna  or  its  ability  to 
resolve  two  sources.  The  LNBW  for  the  modeled  and  measured  antenna  patterns  is  shown  in 
table  3. 


Table  3.  FNBW  of  the  modeled  and  measured  antenna  patterns. 


Antenna  Model 

E-Plane  LNBW 

H-Plane  LNBW 

WR-137 

— 

— 

Modeled 

O 

OC 

oo 

16° 

Measured 

O 

o 

oo 

o 

o 

WR-187 

— 

— 

Modeled 

96° 

16° 

Measured 

94° 

14° 

WR-284 

— 

— 

Modeled 

O 

OO 

OO 

16° 

Measured 

o 

o 

oo 

o 

o 
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4.  Conclusions 


Models  for  three  PENN  Engineering  standard  gain  horn  antennas  were  developed  using  the 
HFSS  software  and  validated  using  measured  data.  Comparison  between  the  HPBW,  SLL,  and 
FNBW  of  the  modeled  and  measured  radiation  patterns  show  that  the  modeling  of  the  antennas 
was  successful. 


5.  Recommendations 


SLAD  recommends  that  the  antenna  modeling  and  validation  be  continued  to  include  other  type 
antennas  used  in  the  EMVAF.  The  antennas  to  be  modeled  should  operate  at  frequencies  other 
than  the  ones  modeled  during  this  effort.  This  difference  will  enhance  the  library  of  digital 
antenna  patterns  that  could  be  accessed  by  other  simulations. 
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Appendix.  Antenna  Patterns 


- Measured - Modeled 


Figure  A-l.  E-plane  pattern  for  WR-137  horn  antenna  at  7.0  gigahertz  (GHz). 


- Measured - Modeled 


Figure  A-2.  H-plane  pattern  for  WR-137  horn  antenna  at  7.0  GHz. 
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- Measured - Modeled 


Figure  A-3.  E-plane  pattern  for  WR-187  horn  antenna  at  4.9  GHz. 


- Measured - Modeled 


Figure  A-4.  H-plane  pattern  for  WR-187  horn  antenna  at  4.9  GHz. 
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- Measured - Modeled 


Figure  A-5.  E-plane  pattern  for  WR-284  horn  antenna  at  3.3  GHz. 


- Measured - Modeled 


Figure  A-6.  H-plane  pattern  for  WR-284  horn  antenna  at  3.3  GHz. 
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